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Comparison of the Effects of Blending and Juicing on the 
Phytochemicals Contents and Antioxidant Capacity of 
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ABSTRACT: Four Korean kernel fruit (apple, pear, persimmon, and mandarin orange) juices were obtained by household 
processing techniques (i.e., blending, juicing). Whole and flesh fractions of each fruit were extracted by a blender or a 
juicer and then examined for phytochemical content (i.e., organic acids, polyphenol compounds). The antioxidant ca- 
pacity of each juice was determined by ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-l-picrylhydrazyl 
(DPPH) assays. Results revealed that juices that had been prepared by blending whole fruits had stronger antioxidant ac- 
tivities and contained larger amounts of phenolic compounds than juices that had been prepared by juicing the flesh frac- 
tion of the fruit. However, the concentration of ascorbic acid in apple, pear, and mandarin orange juices was significantly 
(P<0.05) higher in juice that had been processed by juicing, rather than blending. The juices with the highest ascorbic 
acid (233.9 mg/serving), total polyphenols (862.3 mg gallic acid equivalents/serving), and flavonoids (295.1 mg querce- 
tin equivalents/serving) concentrations were blended persimmon juice, blended mandarin orange juice, and juiced apple 
juice, respectively. These results indicate that juice extraction techniques significantly (P<0.05) influences the phy- 
tochemical levels and antioxidant capacity of fruit juices. 
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INTRODUCTION 

Fruit juice is reported to be an excellent health-promot- 
ing beverage that is rich in antioxidant substances, such 
as phenolic compounds and vitamin C (1,2). For in- 
stance, consumption of fruit juice is associated with sev- 
eral health benefits, including increased antioxidant ca- 
pacity (1), improved endothelial function (2), reduced 
low-density lipoprotein oxidation (3), and improved car- 
diovascular and neurocognitive function (4). Fruit is an 
important source of phytochemicals. Phytochemicals, 
which are also known as nutraceuticals or functional 
compounds, are secondary plant metabolites recognized 
for their antioxidant activities and other properties (5). 
Previous studies suggest that plant phytochemicals have 
anti-inflammatory, anti-proliferative, anti-carcinogenic, 
and anti-microbial properties (5,6). Thus, optimum diet- 
ary intake of these phytochemicals is essential for main- 
taining ideal health. The level of phytochemicals in fruit 
juice depends on various factors, namely, species, varie- 
ty, growing conditions, seasonal variations, maturity in- 



dex, processing methods, and storage conditions (7). 

Organic acids are a useful index of fruit product au- 
thenticity (8). The nature and concentration of the or- 
ganic acids found in fruits are of interest because of their 
important influence on the organoleptic properties and 
stability of fruit juices (7,8). The organic acids present in 
fruit exert an alkalizing effect on the human body, in- 
hibit the growth of undesirable, and influence the course 
of metabolic processes (9). The main acids used to en- 
hance beverages are citric acid and malic acid, which are 
acidulants, and ascorbic acid, which is an antioxidant 
(6,8). 

Nowadays, consumers demand fruit and derivative 
products with high sensory, nutritional and health-re- 
lated qualities. Determination of the effect of different 
household processing techniques on fruit phytochemical 
levels would be of interest to consumers seeking to ob- 
tain higher levels of these compounds (10,11). Previous 
studies report that juice extraction methods significantly 
influence chemical components levels and antioxidant 
activity of fruit (11,12). Rajasekar et al. (11) suggest that 
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blending is more efficient than mechanical press juice 
extraction at preserving the overall physico-chemical 
characteristics of pomegranate juice. 

The edible part of a fruit is the arils (i.e., pulp and 
flesh) which can be consumed fresh or as a processed 
product, such as juice. The outer rind of the fruit is fre- 
quently leathery and not consumable. Hence, when pre- 
paring fresh juice for consumption, most fruits are ei- 
ther peeled and blended or cut in half and the edible 
segments are juiced (12). However, recent studies sug- 
gest that use of the fruit peel can increase the amount of 
total polyphenols and flavonoids in the juice products 
(13,14). Thus, the removal of peels may result in a sig- 
nificant loss of constituents beneficial to human health. 
In recent years, many large-scale studies have been con- 
ducted on clarified fruit juice from a wide variety of 
sources (3,10,12). 

Among different fruit cultivars, kernel fruits (e.g., ap- 
ple, pear, persimmon, and mandarin orange) are one of 
the major types of bioactive components-rich fruits 
grown in Korea. These fruits are widely consumed in 
Korea year-round. However, there have been no reports 
comparing the bioactive compounds and antioxidant ca- 
pacities of these fruits. Therefore, the purpose of this 
study was to evaluate and compare the antioxidant ca- 
pacity, polyphenol compound content, and organic acid 
content of whole-fruit and flesh juices that had been ex- 
tracted by blending and mechanical press juicing. 



MATERIALS AND METHODS 

Chemicals and reagents 

Folin-Ciocalteu reagent, 2,2-diphenyl-l-picrylhydrazyl 
(DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), 6-hydroxy- 
2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 
gallic acid, quercetin, and organic acid standards (citric 
acid, malic acid, and ascorbic acid) were purchased from 
Sigma-Aldrich Co. (St. Louis, MO, USA). All other re- 
agents and solvents were analytical grade. 

Fruit materials 

The apple (Maluspumila Miller, Fuji), pear (Pyrus pyrifolia 
Nakai), persimmon (Diospyros kaki, 'Fuyu' cultivar), and 
mandarin orange (Citrus unshiu) used in this research 
was purchased from a local supermarket in Seoul, Korea. 
These fruit samples were selected because they are im- 
portant sources of dietary antioxidants and are con- 
sumed year-round in Korea. The fruits were stored at 
5°C before processing. 

Household processing of fruit juice 

The fruits were washed with water and wiped com- 
pletely dry. Each individual fruit was divided into equal 



portions. Half of the portions were left intact (i.e., whole) 
and half of the portions were peeled to isolate the arils 
from the peel (i.e., flesh-only). Care was taken to avoid 
the inclusion of seeds in the samples. For all fruits, 
flesh-only (F) and whole fruit (W) samples were proc- 
essed by blending or juicing, yielding a total of four 
types of fruit juices for each fruit cultivar. Each replicate 
of the blended samples was processed with a blender 
(Hanil HH M-640, Seoul, Korea) for 3 min at a speed 
greater than approximately ^20,000 rpm. Juiced samples 
were processed with a mechanical press juice extractor 
(Hurom HH-SBF11, HUROM Group Co., Kyungnam, 
Korea) fitted with a strainer to minimize the presence of 
whole juice vesicles. All juice samples were immediately 
stored at — 4°C in the dark until further use. 

Determination of organic acids 

Malic acid, ascorbic acid, and citric acid determination 
was carried out according the method described by Scherer 
et al. (15). An HP 1100 series liquid chromatograph 
(Agilent Technologies, Santa Clara, CA, USA) equipped 
with a degasser, a quaternary pump, an autosampler ad- 
justed to deliver 20 uL injections, an RP-C18 column (5 
urn particle size, 250x4.6 mm I.D., kept at 25°C), and a 
UV-visible diode array detector. The mobile phase con- 
sisted of a 25 mM KH 2 P0 4 buffer solution (pH=2.60 ad- 
justed with o-phosphoric acid) . An isocratic elution pro- 
cedure with a flow rate of 0.8 mL/min was used. Malic 
acid and citric acid were detected at 210 nm, and ascor- 
bic acid was detected at 250 nm. Peaks of interest were 
identified by their retention times. Peaks observed on 
the UV-visible spectra of each sample were compared to 
peaks observed on the UV-visible spectra of known stan- 
dards. A five-point external standard curve was used to 
quantify each analyte. The concentrations of the stand- 
ard curves ranged from the quantification limits and 
0.25 mg/mL, 0.5 mg/mL, 0.01 mg/mL, and 0.8 mg/mL 
for malic, ascorbic, and citric acids, respectively. The lin- 
earity range of each analyte was evaluated by plotting 
the peak area, as a function of the known concentration 
of each standard. 

Determination of total polyphenols 

The total polyphenol content (TPC) of each juice was 
determined by the Folin-Ciocalteu method (16). Biefly, 
50 uL of each diluted juice sample was mixed with 50 uL 
of 50% Folin-Ciocalteu reagent and 1 mL of 2% of so- 
dium carbonate. The samples were then mixed well and 
allowed to stand for 30 min in the dark at room tem- 
perature. A Shimadzu 300 UV-vis spectrophotometer 
(Perkin-Elmer Inc., Waltham, MA, USA) was used to 
read the absorbance of each mixture at 760 nm. Quanti- 
fication was based on a standard curve generated with 
1 ~ 15 mg/L of gallic acid. Average results from tripli- 



110 



Pyo et al. 



cate determinations are expressed as mg of gallic acid 
equivalents (GAE)/mL of juice sample. 

Determination of total flavonoids 

The total flavonoid content (TFC) was analyzed accord- 
ing to the method described by Jia et al. (17). Briefly, 20 
uL of 5% NaNCh was mixed with 1 mL of each diluted 
juice sample and allowed to react at room temperature 
for 5 min. Then, 20 uL of 10% A1C1 3 -6H 2 0 was added 
and the samples were incubated for 5 min before the ad- 
dition of 150 uL of 1 M NaOH. The absorbance at 510 
nm was measured after 15 min of incubation. TFC 
(mg/mL) is expressed as quercetin equivalents (QE). 

DPPH radical scavenging assay 

The free radical scavenging activity of fruit juice sam- 
ples, based on the scavenging activity of the stable 
DPPH free radical, was determined using the method 
described by Brand-Williams et al. (18) with slight mo- 
difications. Briefly, 100 uL of each diluted juice sample 
was added to 900 uL of 35 uM DPPH dissolved in 
methanol. After incubating the solution at room temper- 
ature in the dark for 10 min, the absorbance of the sol- 
ution was measured at 517 nm. Trolox calibration sol- 
utions (100 uM, 200 uM, 400 uM, 500 uM, and 750 uM) 
were used to generate the standard curve. The radical 
scavenging activity of each juice is expressed as mM 
Trolox equivalents (TE)/mL. 

Ferric reducing antioxidant capacity (FRAP) assay 

The FRAP assay was performed according to the method 
of Benzie and Strain (19) with minor modifications. 
Stock solutions of 300 mM acetate buffer, 10 mM TPTZ 



in 40 mM HC1, and 20 mM FeCls'SHaO were prepared. 
The FRAP reagent was prepared by mixing the stock sol- 
utions in a 10:1:1 ratio (pH 3.6) and maintained at 37°C. 
Then, 100 uL of the sample was added to 900 uL of FRAP 
reagent and incubated at room temperature in the dark 
for 5 min. The absorbance of the solution was measured 
at 593 nm. The standard curve was linear between 0 uM 
and 700 uM Trolox. Results are expressed as mM 
TE/mL of juice sample. 

Statistical analysis 

All samples were analyzed in triplicate and the results 
were expressed as the mean±standard deviation. Un- 
paired Student's t-tests were used for statistical analysis 
of differences between the juices obtained by juicing and 
juices obtained by blending. Significance was set at 
P<0.05 at the 95% confidence level. The Microsoft Excel 
software package (Microsoft Corp., Redmond, WA, 
USA) was used to perform correlation studies and to as- 
sess the significance of correlations. 



RESULTS AND DISCUSSION 

Variation of organic acid content in fruit juice 

The organic acid profile and concentration in fruits de- 
pends on factors such as species, soil condition, and 
stress conditions (8). In this study, ascorbic, malic, and 
citric acids were separated and identified in 4 Korean 
kernel fruit juices. Fig. 1 shows the chromatograms ob- 
tained for a standard solution at 250 nm (a) and 210 nm 
(b) and the chromatograms (210 nm) obtained mandar- 
in orange juice that had been prepared by juicing (c) and 
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Fig. 1. Chromatogram of the standard solution of the organic acids (a: 250 nm, b: 210 nm) and mandarin orange juice by juicing 
(c) and blending (d) at 210 nm. 
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by blending (d). Citric acid and malic acids were moni- 
tored at 210 nm, while ascorbic acid was monitored at 
250 nm due to a higher absorption. As shown in Fig. 1, 
the method used in the current study presented good se- 
lectivity and resolution. 

There was significant variation in the organic acid pro- 
files of the juices tested in this study (Table 1). Among 
the analyzed fruit juices, the highest concentrations of 
ascorbic acid, citric acid, and malic acids were detected 
in blended persimmon juice (1,144.9 ug/mL), blended 
mandarin orange juice (5,777.7 ug/mL), and blended apple 
juice (4,091.6 ug/mL), respectively. With the exception 
of the persimmon juices, the concentration of ascorbic 
acid was significantly lower in the juice of blended fruits 
than the juice of juiced fruits. Moreover, ascorbic acid 
was not found in blended pear juice. In contrast, blend- 
ed juices had significantly higher concentrations of citric 
and malic acids than juices obtained by juicing. Thus, 
the content of organic acids in different fruit juices was 
significantly affected by the juice extraction method. 
This is consistent with previously reported data. Uckoo 
et al. (12) reported that the concentration of ascorbic 
was significantly higher in grapefruit juice that had been 
processed by juicing, while the concentration of citric 
acid was significantly higher in grapefruit juice that had 
been processed by blending. As shown in Table 1, the 
most abundant organic acid present in the apple juices 
was malic acid (3,744.5 ~4,091. 6 ug/mL), and the least 
abundant organic acid present in the apple juices was as- 
corbic acid (38.2 ~ 112.2 ug/mL). Fernandez-Fernandez 
et al. (9) reported that the concentration of malic acid in 
five commercial apple juices was between 100 mg/100 g 
and 500 mg/100 g. 

It is well known that citric acid and ascorbic acid are 
the major organic acid components of citrus fruits (9,15). 
In the present study, mandarin orange juice had sig- 
nificantly higher levels of citric acid (5,495.6 ~5,777.7 
Ug/mL) than the other fruit juices (83.2~975.3 ug/mL). 
Citric acid is a weak acid, but in high concentrations, it 
prevents the oxidation of ascorbic acid (9). Thus, citric 



acid has an indirect, but important effect on the anti- 
oxidant activity of fruit juice. 

Interestingly, blended whole persimmon juice (1,144.9 
ug/mL) had significantly higher levels of ascorbic acid 
than any of the other juices tested (18.6~ 726.4 ug/mL). 
For instance, the ascorbic acid content in persimmon 
juice was about 34.5-fold higher than the ascorbic acid 
content in pear juice, which contained the lowest con- 
centration of ascorbic acid. In general, ascorbic acid is a 
natural and potent antioxidant with several health bene- 
fits that is mainly present in fruits and vegetables (20) . 
Due to the health maintaining properties of ascorbic 
acid, consumers are very interested in consuming food 
with high ascorbic acid contents. In the present study, 
whole fruit juices from the four fruits tested had higher 
concentrations of ascorbic acid and malic acids than the 
flesh juices, while flesh juices contained larger amounts 
of citric acid. This difference may be because the citric 
acid content of the flesh is higher than the citric acid 
content of the peel. The flavor of fruit flesh is highly de- 
pendent on the balance between soluble sugars and or- 
ganic acids. For example, citric acid imparts the tart fla- 
vor of fruit which makes it an important component of 
sensory quality (8). As a result, juices made with the 
peel had higher concentrations of ascorbic acid and mal- 
ic acids, but lower concentrations of citric acid than the 
flesh-only juices tested in this study. 

Variation of total polyphenols and flavonoids in fruit juice 

The main active substances in fruit are polyphenols, 
which have antioxidant, anti-mutagen, anti-inflamma- 
tory, and antimicrobial abilities (1,7). Polyphenols are 
present in different parts of each fruits (1). Fig. 2 shows 
that there were significant differences in the TPC and 
the TFC of the 4-blended and juiced fruit juice products. 
Among the analyzed fruit juices, the highest TPC and 
TFC were detected in blended mandarin orange juice 
(4.64 mg GAE/mL) and juiced apple juice (1.29 mg QE/ 
mL), respectively, while the lowest TPC and TFC were 
detected in the blended pear juice (0.68 mg GAE/mL 



Table 1. Organic acid contents of blended and juiced Korean kernel fruit juices 



Organic acid (ug/mL) Ascorbic acid Citric acid Malic acid 



Fruit juice 




Juiced 


Blended 


Juiced 


Blended 


Juiced 


Blended 


Apple 


Flesh 


90.8±0.4* 


38.2+0.6 


93.5+1.4* 


173.6+1.4 


3,744.5+15.3 


3,790.1+17.1 




Whole 


112.2+1.8* 


52.6+1.1 


84.1+2.2* 


168.2+1.7 


3,919.2+13.2 


4,091.6+13.3 


Persimmon 


Flesh 


335.3±2.4* 


726.4+9.3 


208.5+2.7* 


304.8+1.5 


2,035.7+16.1 


2,124.1 + 11.5 




Whole 


395.8+1.6* 


1,144.9+11.2 


114.9+1.6* 


202.4+1.2 


2,302.9+14.7* 


2,551.4+14.4 


Pear 


Flesh 


18.6+0.3 


ND 1) 


944.1 + 11.3 


975.3+2.2 


1,485.9+11.2 


1,528.5+12.1 




Whole 


19.1+0.2 


ND 


813.1+4.4* 


931.5+4.4 


1,564.5+17.4* 


1,740.5+13.6 


Mandarin orange 


Flesh 


283.5±2.5* 


177.4+2.8 


5,495.6+12.5 


5,777.7+15.8 


338.6+7.7 


356.8+1.8 




Whole 


386.3+3.4* 


278.9+2.1 


5,548.5+15.4 


5,687.4+14.2 


353.4+1.9* 


455.4+2.5 



Data are expressed as mean+SD of triplicate experiments. 
*Significantly different from blended juice at P<0.05. 
1! ND: not detected. 
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Fig. 2. Contents of total polyphenols (TPC) and total flavonoids (TFC) of flesh (F) and whole (W) juices by blending and juicing 
from Korean kernel fruits. Data are expressed as mean±SD of triplicate experiments. *Significantly differences from blended juice 
at P<0.05. 



Table 2. Phytochemicalcontent and antioxidant capacity of single serving of blended and juiced Korean kernel fruit juices 



Fruit juice 



Total phenolics 
(mg GAE) 1 ' 



Flavonoids 
(mg QE) 2) 



Ascorbic acids 
(mg) 



TEAC 
(mM) 31 



Juiced 



Blended 



Juiced 



Blended 



Juiced 



Blended 



Juiced 



Blended 



Apple 

Persimmon 
Pear 

Mandarin orange 



417.5+1.4* 
217.5±2.2* 
250.2±1.7* 
527.5±2.8* 



195.3±0.9 
610.1±2.6 
190.1±1.1 
862.3+3.1 



295.1+1.7* 
17.6+0.2* 
30.2+0.4* 
72.5+0.6* 



90.1+1.6 
42.5+0.1 
17.5+0.1 
160.1+1.2 



25.4±0.2* 
91.5+1.1* 
4.7±0.1 
83.7±0.5* 



1 1.4+0.1 
233.9±2.8 

ND 4 ' 
57.1+0.5 



307.3±2.4* 
380.3±2.6* 
90.3±0.4* 
620.5+3.8* 



121.9+0.8 
1001 .3+5.1 
59.5+0.3 
391.1+1.7 



Data are expressed as mean±SD of triplicate experiments. 

*Significantly different from blended juice at P<0.05. 

^Expressed as mg gallic acid equivalents (GAE) per 250 ml_ serving. 

2) Expressed as mg quercetin equivalents (QE) per 250 ml_ serving. 

3) Expressed as mM Trolox equivalent antioxidant capacity (TEAC) per 250 ml_ serving as measured by FRAP and DPPH assays. 

4) ND, not detected. 



and 0.05 mg QE/mL, respectively). Therefore, the TPC 
of mandarin orange juice was about 6.8-fold higher than 
that of pear juice and the TFC of apple juice was remark- 
ably higher than that of pear juice. 

The results of the present study indicate that the poly- 
phenol content of different fruit juices is significantly af- 
fected by juice extraction method. TPC and TFC were 
significantly higher in blended persimmon and mandarin 
orange juices than in their juiced counterparts. Similar 
results have been reported by other investigators. 
According to Uckoo et al. (12), blended grapefruit juice 
has a higher pulp content, which is correlated to TPC, 
than juiced grapefruit juice. Rajasekar et al. (11) de- 
termined that blending was more efficient than mechan- 
ical press juicing when producing pomegranate juice. In 
contrast, the TPC and TFC of a single serving of juiced 
apple juice were significantly higher than that of blended 
apple juice (417.5 mg GAE vs. 195.3 mg GAE and 295.1 
mg QE vs. 90.1 mg QE, respectively; Table 2). Similarly, 
the TPC and TFC of juiced pear juice were also sig- 
nificantly higher than that of blended pear juice (250.2 
mg GAE vs. 190.1 mg GAE and 30.2 mg QE vs. 17.5 mg 
QE, respectively). Therefore, juicing, a common house- 



hold processing method, could be a better strategy than 
blending when significantly higher levels of apple and 
pear flavonoids are desired. These results suggest that 
the effect of household juice extraction technique on 
juice polyphenol levels varies by fruit cultivar. It is very 
important to understand that TPC and TFC are affected 
by different processing techniques. 

Generally, the arils of fruit contain large amounts of 
organic acids, sugars, minerals, and vitamins (12), but 
the peels contain higher amount of phenolic compounds 
than the flesh (13). As shown in Fig. 1, the polyphenol 
content of whole fruit juice from Korean kernel fruits 
was higher than juice of the flesh fraction of the fruit. 
Our results revealed that juicing whole fruits, rather 
than the flesh alone, was the main factor contributing to 
high TPC and TFC in the fruit juices analyzed. Tzulker 
et al. (10) reported that the content of phenolics, fla- 
vonoids, and their constituents in peel extracts of differ- 
ent fruit juices was much higher complex than the pulp 
extracts of the same fruits. The TPC of whole fruit juices 
from 29 different pomegranates was between 1,875 
mg/L and 11,250 mg/L, which is about 6.5-fold higher 
than juices prepared from the arils (10). Likewise, the 
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results of the present study indicate that whole-fruit 
squeezing tends to be superior to aril juicing. The de- 
scending rank order of the mean of the TPC values ob- 
tained for a single serving (250 mL) of the juiced and 
blended juices of each fruit tested in this study is: man- 
darin orange > persimmon > apple > pear (Table 2). The 
descending rank order of the mean of the TFC values 
obtained for a single serving (250 mL) of the juiced and 
blended juices of each fruit tested in this study is: apple> 
mandarin orange > persimmon > pear. 

Variation of antioxidant activity in fruit juice 

Determination of antioxidant capacity of fruit juice pro- 
vides information about the biological activities of the 
major components responsible for improving human 
health and nutrition (21). Two widely used antioxidant 
assays (DPPH and FRAP) were used to evaluate the ef- 
fect of household juice extraction techniques on the an- 
tioxidant capacities of four fruit juices. There was a high 
positive correlation (r=0.9224) between FRAP and 
DPPH values for juiced and blended fruit juices. This 
suggests that both methods are suitable for the determi- 
nation of the antioxidant capacity of the fruit juices se- 
lected in this study. FRAP and DPPH are electron trans- 
fer mechanism based assays (22). 

The results of both assays confirmed that the fruit juices 
tested had significant antioxidant capacities. As shown in 
Fig. 3, the antioxidant properties of blended persimmon 
juice were the strongest (4.36 mM Trolox/mL for DPPH 
and 5.12 mM Trolox/mL for FRAP), while the antioxi- 
dant capacity of blended pear juice was the lowest (0.14 
mM Trolox/mL for DPPH and 0.23 mM Trolox/mL for 
FRAP). This can be explained by the fact that blended 
persimmon juice had the highest pulp content, which 
corresponds to antioxidants levels. These results are 
consistent with the fact that blended persimmon juice 
contains a higher TPC, TFC, and ascorbic acid content 
than juiced persimmon juice. Previous reports indicate 



that juicing is associated with the elimination of free 
radicals and the inhibition of oxidation (21). However, 
the antioxidant capacities of mandarin orange, apple, 
and pear juices obtained using a juicer were higher than 
those of the juices obtained by blending. Thus, the effect 
of juice extraction techniques on antioxidant capacity 
depended on the fruit cultivar. 

The persimmon used in this study was a non-astrin- 
gent variety of persimmon fruit, which can be consumed 
in a raw state or a processed product. Lee et al. (23) re- 
ported that the strong antioxidant activities of non-as- 
tringent persimmons correlate with high concentrations 
of phenolic acids, catechins, gallic acid, and epicatechin 
gallate. Among the fruit juices tested in our study, the 
antioxidant capacities measured by the FRAP and DPPH 
assays corresponded with TPC and ascorbic acid con- 
tent. For all fruit juices, a positive and significant linear 
correlation was confirmed between ascorbic acid con- 
tents and the antioxidant capacities determined by the 
FRAP (r=0.8901) and DPPH (r=0.9115) assays. Thus, 
ascorbic acid was a main contributor to the total anti- 
oxidant capacities of the fruit juices analyzed, which may 
be due to the variation in their chemical structure (22) . 
This result was consistent with the results of Gardner et 
al. (1), who report that vitamin C is a major antioxidant 
in citrus juice that contributes to 65 ~ 100% of the total 
antioxidant capacity of citrus juice. 

As can be expected, the juice products containing fruit 
peels (i.e., whole fruit juices) had higher total anti- 
oxidant capacities than the juice products that did not 
contain peels (i.e., flesh-only juices) . For instance, the 
antioxidant levels of whole persimmon juices was an 
average of 1.6 times higher than the antioxidant levels of 
persimmon flesh juices. As shown in Table 2, the TPC, 
TFC, and ascorbic acid content was lower in blended 
pear juice than in other juices. These results suggest 
that the antioxidant capacity of fruit juices corresponds 
to antioxidants content. In the present study, the fruit 
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Fig. 3. Antioxidant capacities of flesh (f) and whole (W) juices by blending and juicing from Korean kernel fruits. Data are expressed 
as mean±SD of triplicate experiments. *Significantly different from blended juice at PK0.05. 
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juices that contained peels had stronger antioxidant ac- 
tivities and contained larger amounts of phenolic com- 
pounds and ascorbic acid than flesh-only juices. The jui- 
ces with the highest ascorbic acid (233.9 mg/serving), 
total polyphenol (862.3 mg GAE/serving), and flavonoid 
(295.1 mg QE/serving) contents were blended persim- 
mon juice, blended mandarin orange juice, and juiced 
apple juice, respectively (Table 2). Thus, blended per- 
simmon and blended mandarin orange juices may pro- 
vide higher levels of beneficial components such as as- 
corbic acid and total polyphenol compounds, while 
juiced apple juice may provide higher levels of flavo- 
noids. The descending rank order of the mean of the an- 
tioxidant capacity values obtained for a single serving 
(250 mL) of the juiced and blended juices of each fruit 
tested in this study is: persimmon > mandarin orange > 
apple > pear. 

In conclusion, the phytochemical content and anti- 
oxidant capacity of Korean kernel fruit (apple, pear, per- 
simmon, and mandarin orange) juices were significantly 
affected by the juice extraction method. For the four 
fruits tested, blending the edible parts of whole fruits 
yielded a juice that contained higher levels of total poly- 
phenols and flavonoids but lower levels of ascorbic acid 
than juicing the flesh fraction of the fruits. The blended 
persimmon juice had the highest antioxidant capacity 
(1,001.3 mM Trolox equivalent antioxidant capacity/ 
serving size) of all of the fruit juices tested. The results 
of this study could help consumer's select fruit juices 
that contain higher levels of health-maintaining phyto- 
chemicals. 
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